When Escherichia coli spheroplasts made by ethylenediaminetetraacetic acid and lysozyme were agglutinated by concanavalin A (con A), the degradation of ribosomal ribonucleic acid (rRNA) was found to occur proportionally to the degree of the agglutination, which was determined by microscopic examination or by a newly devised assay based on the slower settling of aggregates. Methyl-a-D-glucoside, low temperature or alkaline pH, all of which reverse the agglutination, also reduced the extent of rRNA degradation. This degradation was not due to the direct action of con A since a similar relationship was found in the case of spontaneous agglutination with concentrated spheroplasts in the absence of con A. The possible importance of a change in the cell membrane associated with the agglutination process is discussed in connection with the initiation of rRNA degradation.
It is known that various conditions injurious to the bacterial cell results in degradation of ribosomes, which are otherwise very stable in normal growth (13) . In spite of many physiological studies, the initiation of degradation is not understood. Abnormal-sized particles-presumable intermediates in the course of ribosomal ribonucleic acid (rRNA) breakdown-are observed (12, 13, 18, 19, 23) . Recently, however, evidence has accumulated to implicate a change of the properties of the cell membrane in both processes. Thus, many substances having their primary action on the destruction of cell membrane bring about rRNA degradation in parallel with the extent of membrane damage (24, 26) . Furthermore, various alterations of the membrane have been found to occur concomitantly with or prior to ribosome degradation of various types. Those alterations include changing the stability of the spheroplast (22, 23, 27) , permeability (5, 8, 9, 20) , localization or activity of peripheral enzymes like ribonuclease 1 (6, 16, 23, 28) , or surface components like phospholipids or wall materials (3, 6, 9) .
In an attempt to assess the effect of moderate modification of cell membrane on the initiation of ribosome degradation, the changes in rRNA were studied during the agglutination of spheroplasts. Our previous paper (14) with spheroplasts has shown that concanavalin A (con A) (25) , a lectin known to recognize the differentiated properties of the cell membrane during malignant transformation of mammalian cells (7, 11) , also agglutinates bacterial spheroplasts which have been treated with proteases, at certain population densities in the presence of isotonic sucrose. This agglutination is reversed by a-methyl-glycosides or some divalent cations. This paper shows that rRNA degradation occurs almost in proportion to the extent of the agglutination, suggesting that the comformational change of the cell membrane followed by the aggregate formation is closely associated with the initiation of ribosome degradation.
Reduced sedimentation velocity of the aggregated spheroplasts in comparison with that of the free spheroplast was seen corresponding to the degree of the agglutination determined by microscopy. This fact is used for a simple semiquantitative assay for the agglutination. MARUYAMA Cultivation, agglutinate formation, and determination of RNA. By the method described previously (14) , the ethylenediamintetraacetic acidlysozyme spheroplasts (ELS) were prepared from Escherichia coli K-12:W3110, which had been uniformly labeled with 32P-phosphate (carrier free; Amersham-Searle) by growth for more than 7 h in the nutrient medium C (14) until the early stationary phase. Trypsin treatment was done by the method previously described (14) where the treated ELS was either washed off or treated with trypsin inhibitor before subjected to con A agglutination. The agglutination was made by the incubation of 5 x 10' trypsin-treated ELS or 1010 ELS per ml in 0.03 M tris(hydroxymethyl)aminomethane or phosphate buffer supplemented with 20% sucrose (designated here as T-S or P-S, respectively) in the presence of 0.1 to 1.0 mg of con A per ml (14) . A portion was taken and fractionated by the method reported before (16 during the incubation, but no significant difference was seen between control and con A groups (14) . Since the difference of MI between agglutinated and free spheroplasts was observed to be greatest after 10 to 20 min of standing, a comparison of the T2x after 15 min was made in various samples. Total optical density decreased to some extent during incubation, but the control and experimental groups did not differ significantly (14) .
RESULTS AND DISCUSSION
Various conditions affecting on the agglutination and the MI. Table 1 shows the MI of trypsin-treated ELS after 15 min of standing. The results indicate direct correlation between the degrees of the increase of MI and of the aggregate formation; i.e., the ELS which give a value of MI of about 4 were found to have grade 4 agglutination by microscope counting (1, 14) .
Although the values of T2X or T2C were to some extent affected by the age of the spheroplast, kind of sugars added, the buffer and pH, kind of protease for pretreatment, and the ELS population density, the MI value, that is, T2X/T2C, was found to be highly reproducible under the various conditions tested. The increase of MI with concentration of con A was reversed by the addition of methyl-a-D-glucosides, known to possess a specific affinity for con A (10), and of Mg2+ and Ca2+ (Table 1) , in accordance with the inhibition of the con A-associated agglutination (14) . The optimal pH for agglutination was approximately 7.4 by both determinations (Fig.  1) .
The results indicate that the sedimentation of spheroplasts was reduced by the agglutination caused by con A. It was found that the degradation of RNA as well as the increase in absorbancy at 260 nm (A2,0) and of phosphorus-containing compounds in the surrounding buffer (not shown) take place in the agglutinated ELS, depending upon the grade of agglutination without lysis or bursting of the spheroplasts as shown below. This results in a decrease in buoyant density which would explain the reduction of the sedimentation velocity. Regardless of mechanism, this assay provides a simple method for estimating the degree of the agglutination.
rRNA degradation under the various de- gree of the agglutination. Figure 2a shows the time course of con A-specific agglutination at 37 C in standard reaction mixture (14) . The agglutination was determined by sedimentation. The distribution of aggregated spheroplasts, counted by using a microscope, shows that agglutination was completed in 3 h with 0.5 mg of con A per ml, whereas methyl-a-D-glucoside (a-MG) completely inhibited this reaction in a concentration more than 0.02 M. The decrease of total RNA content was found to occur as shown in Fig. 2b . The extent of degradation strictly corresponded with the extent of agglutination. Thus, 0.5 and 0.1 mg of con A per ml caused the maximum degradation (50 and 30%) within 2 and 3 h, respectively, while the addition of Mg2+, which inhibits the agglutination, was found to suppress the degradation to the level of that incubated in the absence of con A (control). The decrease of total RNA content was shown to be attributable to the degradation of rRNA by the method previously used (17) . Details of the specific change of ribosomal subunit properties will be reported elsewhere. In case of nontreated spheroplasts, agglutination-dependent rRNA degradation was seen regardless of the presence or absence of con A, provided that the population density was higher than 101 0/ml, which causes spontaneous agglutination (14) . No significant difference was detected in the degree of either rRNA degradation or agglutination with or without con A (Fig. 3) . Table 2 summarizes the conditions which affect the extent of agglutination in the standard reaction mixture. Low-temperature incubation, the addition of some divalent cations and a-MG reduce the extent of agglutination in this system (14, 15) . Nonoptimal pH also reduced the agglutination considerably (Table 2 and Fig. 1 ). Under these conditions, RNA degradation was also suppressed as was agglutination. Thus, the incubation with 0.04 M a-MG or at 0 C gave the same level of degradation as was found in the control (without con A). On the other hand, the addition of potassium chloride or detergents like Span 40 and Triton X-400 intensified the agglutination. In these cases, a correspondence between degradation Fig. 1 . The population density was 1010 per ml for (0) and (0), whereas (03) was for the control containing only 109 spheroplasts per ml. The classification of the aggregates was done as described in the legend of Fig. 2. and the agglutination was also seen except for Tween 80 (not shown).
During the course of agglutination, the apparent shape of the individual spheroplast was not changed, and only a small portion of the population was lysed (5-10%) (14) . The adsorption of labeled con A to the surface of a spheroplast was found to be complete within the first 30 min after the addition (15) , whereas the process of the aggregate formation continued for more than 2 h (Fig. 2a) . Incubation at lower temperature or at alkaline pH which reduces the agglutination did not affect so much the binding of labeled con A (3H-acetyl con A or 3Ni-con A) to the spheroplast membrane (15) . These facts indicate that the agglutination is not a direct consequence of a simple adsorption of con A to the specific receptor sites on the membrane, but results from a temperature-sensitive process which presumably changes the spheroplast surface. 'the results described here further suggest that the initiation of rRNA degradation is inseparable from this process, the fine mechanism of which is as yet unknown. It is clear that the degradation of rRNA seen is not caused by the direct action of con A, since the degradation corresponding to the degree of agglutination occurred in the spontaneous agglutination of nontreated spheroplast without con A.
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The condition of incubation for the control in T-S system was the same as that used for the complete starvation of rod cells reported previously (19) , where about 16% of rRNA were broken down after 2.5 h of incubation in tris(hydroxymethyl)aminomethane buffer, pH 7.4, without supplementation with sucrose. A similar extent of degradation was seen with spheroplasts in the same buffer, supplemented by sucrose, indicating that the absence of outer membranes did not affect on the induction of the degradation in the complete starvation phase.
It has been reported that less degradation was found in vivo in phosphate buffer than in tris(hydroxymethyl)aminomethane buffer (2, 4, 19, 21) . However, no protection of degradation by phosphate buffer was observed with spheroplast either on the slight breakdown in the control or in the agglutination specific degradation as shown in Table 2 . This suggests that the protective activity of phosphate buffer against the degradation of a ribosome was diminished incidentally with the deletion of the outer parts of the cell surface caused by ethylenediaminetetraacetic acid-lysozyme treatment. In other 
